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(57) ABSTRACT

A washing machine capable of reducing power consumption
comprising: a substantially bottomed cylindrical washing
tank; a rotary wing rotatably and freely arranged at a bottom
of the washing tank; and a driving unit for rotatably driving
the rotary wing by being powered by electricity. The rotary
wing 1s formed 1n a disc shape and centered on a rotary axis
(Ra), and a plurality of stirring blades radially extending
towards an outer circumierence are arranged on a surface of
the rotary wing. A center (Cw) of these stirring blades 1s set
at a position more misplaced towards an outer diameter
direction than the rotary axis (Ra), and a protrusion part
more protruded towards an axial direction of the rotary axis
(Ra) than the stirring blades 1s arranged at the center (Cw)
of the plurality of stirring blades.

6 Claims, 12 Drawing Sheets
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FIG. 2
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(a) A—A section (b) B-B section (¢) C—C section

FIG 4
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Test cloth 4 kg Power Cleaning Cleaning
consumption | ratio UnNevenness
[wh]
Inclination angle | Embodiment | 8.85 0.846 1.13
0=0° Comparison 9.85 0.868 0.76
example 1
Test cloth 4 kg Power Cleaning Cleaning
consumption | ratio UNevenness
[wh]
Inclination angle | Embodiment 9.09 0.928 0.92
0=12° Comparison 0.77 0.876 0.67
example 1 )

FIG. 7
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(a)
Test cloth 8 kg Power Cleaning Cleaning
consumption | ratio UNEevenness
[wh]
Embodiment 16.28 0.883 2.24
Inclination angle | Comparison 18.41 0.968 1.44
0=0)° example 1
Comparison 18.63 0.950 1.06
example 2
(b)
Test cloth 8 kg Power Cleaning Cleaning
consumption | ratio UNEevenness
[wh
Embodiment 15.74 0.913 2.22
Inclination angle C{)mparisan 18.78 0.938 1.53
0=6° example 1
Comparison 18.89 0.936 1.24
example 2
© _ _
Test cloth 8 kg Power Cleaning Cleaning
consumption | ratio UNEVENness
[wh]
Embodiment 16.94 1.025 1.64
Inclination angle | Comparison 18.79 0.937 1.27
0=12° example 1
Comparison 19.64 1.001 1.20
example 2
(d)
Test cloth 8 kg Power Cleaning Cleaning
consumption | ratio UnNevenness
[wh}
Inclination angle | Embodiment 18.05 0.955 1.68

0=20"°

FIG. &
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1
WASHING MACHINE

TECHNICAL FIELD

The present disclosure relates to a washing machine 4
capable of reducing the power consumption.

BACKGROUND

In the past, 1t 1s well known such a washing machine in
which a bottomed cylindrical washing tank 1s supported
inside a box-shaped main body and a disc-shaped rotary
wing named as a pulsator 1s arranged at the bottom of the
washing tank (for example, referring to the Patent Literature

1).

A rotary shaft 1s arranged at the center of the rotary wing,
and a plurality of stirring blades centered on the rotary shaftt
and extending radially are formed on the surface of the
rotary wing. Moreover, the rotary blades can rotate by a
driving unit including a motor to stir water and washing
objects put 1n the washing tank, so as to wash the washing
objects.

10
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L1l

EXISTING TECHNICAL LITERATUR.

Patent [iterature 25

Patent Literature 1: Japanese Laid-Open Patent Publica-
tion No. 2000-14958

SUMMARY 30

Problems to be Solved in the Invention

The above washing machine pays attention to basic
washing performance. In order to improve cleaming ratio and 35
cleaning unevenness which constitute an evaluation refer-
ence, improvements are gradually promoted and various
solutions are proposed for the overall structure of the
washing machine and the shape of the rotary wing. How-
ever, since such improvements focus on to the enhancement 40
of washing performance, the introduction of additional
value, etc., the improvement 1n a viewpoint for reduction of
the power consumption 1s almost not promoted.

However, during the globalization progress in recent
years, user demands have a tendency of more diversification. 45
In order to reduce the operation cost, requirements for
reducing the power consumption are increased.

Moreover, there 1s a demand to supply general-purpose
products at lower price. As a method for this purpose, it has
been considered to convert a high-cost inverter motor, which 30
1s under the premise of control performed by an 1inverter, into
a general-purpose motor and change a motor coil to alumi-
num from copper. For the case of changing the motor 1n this
way, the power consumption 1s increased usually along with
the increase of loss 1n the motor. Theretfore, 1n order to use 355
the washing machine at the same operation cost as the
existing case, the power consumption needs to be reduced as
mentioned above.

The purpose of the present disclosure 1s to solve such
problems eflectively, and more particularly, to provide a 60
washing machine capable of reducing the power consump-
tion.

Means for Solving the Problems
63
In order to achieve the related purposes, the following
methods are considered 1n the present disclosure.

2

That 1s, the washing machine of the present disclosure
includes a substantially bottomed cylindrical washing tank,
a rotary wing rotatably and freely arranged at the bottom of
the washing tank, and a driving unit for rotatably driving the
rotary wing by being powered by electricity. The rotary wing
1s formed 1n a disc shape and centered on a rotary axis, and
a plurality of stirring blades radially extending towards an
outer circumierence are arranged on the surface of the rotary
wing. The washing machine 1s characterized in that the
center of the plurality of stirring blades 1s set at a position
more misplaced towards an outer diameter direction than the
rotary axis, and a protrusion part more protruded towards the
axial direction of the rotary axis than the stirring blades 1s
arranged at the center of the plurality of stirring blades.

In addition, the present disclosure 1s characterized in that
the rotary axis of the rotary wing 1s substantially consistent
with a central axis of the washing tank, and the central axis
1s inclined relative to a vertical axis.

Moreover, the present disclosure 1s characterized in that
an inclimation angle 1n which the central axis 1s inclined
relative to the vertical axis 1s set to be within a range of
6-20°.

In addition, the present disclosure 1s characterized in that
the top end of the protrusion part 1s formed 1n a partially
spherical shape.

‘ects of the Invention

[T

In accordance with the present disclosure described
above, since a plurality of stirring blades are centered on a
position more misplaced towards the outer diameter direc-
tion than the rotary axis and arranged radially and the
protrusion part 1s arranged at the center of the stirring blades,
a water tlow can be generated efliciently; moreover, the
washing objects can act efliciently, so that the cleanming ratio
and the cleaning unevenness can be limited 1n an allowable
scope and the power consumption of the driving unit can be
reduced. Therefore, energy consumption can be suppressed,
and operation cost can be reduced.

In addition, since the power consumption can be reduced
by the shape of the rotary wing, in the case that the dniving
unit includes a motor, a general-purpose motor can be used
as the motor even 1f a high-price inverter motor 1s not used,
and the overall cost reduction of the washing machine can be
realized. Further, for the portion of reducing the power
consumption by the shape of the rotary wing, in the case of
allowing the iternal loss 1n the motor, a usually used copper
coil can be changed to an aluminum coil, and the cost 1s
further reduced.

Specifically, according to the present disclosure in which
the central axis of the washing tank and the rotary axis of the
rotary wing are inclined, since the rotary wing can be made
in the above shape and the washing objects generate eflicient
rolling movement on the surface of the rotary wing, the
power consumption can be reduced and the cleaning ratio 1s
higher than an existing cleaning ratio.

Specifically, according to the present disclosure the incli-
nation angle 1s set in the range of 6-20°, the cleaning ratio
can be further increased, and the improvement of the wash-
ing performance and the reduction of the power consump-
tion can be concurrently obtained.

In addition, according to the present disclosure in which
the top end of the protrusion part 1s formed 1n the partially
spherical shape, an effect of enabling the washing objects to
act by the protrusion part 1s obtained, at the same time, the
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damage to the washing objects caused by the protrusion part
can be suppressed, so as to wash the washing objects 1deally.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a longitudinal sectional view illustrating a
washing machine according to one embodiment of the
present disclosure.

FIG. 2 1s a perspective view 1illustrating a rotary wing of
the same washing machine.

FIG. 3 1s a view 1llustrating a state of observing of the
same rotary wing from a direction of a rotary axis.

FIG. 4 1s a view 1llustrating A-A section, B-B section and
C-C section 1n FIG. 3.

FIG. 5 1s a longitudinal sectional view illustrating
examples of changing an inclination angle of a washing
tank.

FIG. 6 1s a longitudinal sectional view illustrating an
example of further changing the inclination angle of the
washing tank.

FIG. 7 1s a diagram 1illustrating evaluation results of the
same washing machine together with a comparison example.

FIG. 8 1s a diagram 1illustrating evaluation results of the
same washing machine together with comparison examples.

FIG. 9 1s a diagram 1illustrating a relationship between an
inclination angle and power consumption based on the
evaluation results of FIG. 8.

FIG. 10 1s a diagram 1illustrating a relationship between
the inclination angle and a cleaning ratio based on the
evaluation results of FIG. 8.

FIG. 11 1s a diagram 1llustrating a relationship between
the inclination angle and cleaning unevenness based on the
evaluation results of FIG. 8.

FI1G. 12 1s a view 1llustrating a rotary wing of a compari-
son example for comparison with the present embodiment.

DETAILED DESCRIPTION

Embodiments of the present disclosure are described
below with reference to drawings.

FIG. 1 a longitudinal sectional view 1llustrating a washing,
machine 1 according to one embodiment of the disclosure.
The washing machine 1 described in the figure shows a
general structure and parts unrelated to the present disclo-
sure are omitted.

The washing machine 1 includes a main body 2, an outer
tank 3, a washing tank 4, a rotary wing 5 and a driving unit
6.

Here, 1n the present embodiment, a depth direction of the
main body 2 1s defined as an x direction, a width direction
1s defined as a y direction, and a vertical direction 1s defined
as a z direction. These x, y, z directions are mutually
intersect to form a coordinate system shown 1n the figure. In
addition, the x direction uses a direction from a front side
towards a rear side of the washing machine 1 as a reference,
and the front side of the washing machine 1 refers to a
standing position side of a user when using the washing
machine 1. The description below 1s made in accordance
with the above coordinate system.

The main body 2 includes a bottom plate 22 in a sub-
stantially rectangle shape seen from the top, four side plates
21 forming four sides erected from the edges, and a top plate
23 connected with the upper part, which are integrally form
a substantially cuboid shape and which are surrounded to
form an 1nner space 2a 1n a substantially cuboid shape. Feet
22a capable of mstalling the main body 2 on a floor surface
are arranged 1n the vicinity of four corners of a lower surface
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4

of the bottom plate 22. In addition, the top plate 23 1s parallel
to the opening edge 43 of the washing tank 4 described later,
and 1s slightly obliquely disposed forwardly 1n coordination
with the inclination of the washing tank 4 in the present
embodiment. Moreover, a substantially circular opening 23a
1s formed 1n the vicinity of the center of the top plate 23, and
the washing objects can be taken out from or put into the
washing tank 4 through the opening 23a. Further, a cover
member 24 capable of opening and closing the opeming 23a
1s arranged at the upper part of the top plate 23.

The outer tank 3 1s formed of synthetic resin and is a
substantially bottomed cylindrical member having a sub-
stantially circular bottom plate 31 and a side plate 32 erected
from the edge part of the bottom plate 31. In addition, in the
outer tank 3, the shape of the bottom plate 31 can also be
changed into a polygonal shape, and the like. It 1s suflicient
to only form a substantially bottomed cylindrical shape. The
outer tank 3 1s hung by four hanging bars 7 arranged at the
four corners of the iner space 2a of the main body 2, and
the outer tank 3 1s inclined forwardly relative to the vertical
axis (z axis) by changing the length of each handing bar 7
and the engagement positions of the hanging bars 7 with the
outer tank 3. Each hanging bar 7 1s composed of a bar body
71 and a suspending bracket 72 arranged at the top end
thereol, absorbing the displacement of the outer tank 3 and
clastically supporting the outer tank 3.

The washing tank 4 1s made of metal and 1s a substantially
bottomed cylindrical member having a substantially circular
bottom plate 41 seen from the top and a side plate 42 erected
from the edge part of the bottom plate 41. The washing tank
4 15 coaxially arranged with the outer tank 3 1nside the outer
tank 3, and 1s rotatably and freely supported by the outer
tank 3. In addition, the washing tank 4 also has the function
of a dewatering tank. The side plate 42 and the bottom plate
41 are provided with a plurality of openings (not shown),
through which the water in the washing tank 4 can be
discharged. In addition, the washing tank 4 1s the same as the
outer tank 3, the bottom plate 41 1s not needed to be made
into a circle, and 1t 1s sutlicient to only change the shape of
the bottom plate 41 to form a substantially bottomed cylin-
drical shape.

The bottom of the washing tank 4 1s rotatably and freely
provided with a rotary wing 5 with a substantially disc
shape. A rotary axis Ra of the rotary wing 5 1s consistent
with a central axis Rb of the washing tank 4 with the
substantially cylindrical shape. That 1s, the rotary axis Ra of
the rotary wing 5 1s also consistent with a central axis of the
outer tank 3, and like the outer tank 3, i1s inclined forwardly
from the vertical axis (z axis). Here, the inclination of the
rotary axis Ra and the central axis Rb of the washing tank
4 1s defined as an inclination angle 0 by using the vertical
axis (z axis) as a reference. The larger the inclination angle
0 1s, the more the front side 43a of the opening edge 43 of
the washing tank 4 1s lowered, being easy to take out or put
in the washing objects. In the example shown 1n FIG. 1,
although the inclination angle 0 1s set to 12°, the inclination
angle 0 1s not limited to 12° as mentioned below.

The driving unit 6 1s fixed below the outer tank 3 and
includes a motor 61 which rotates by being powered by
clectricity, a speed reducer 62 as well as a first output shaft
63 and a second output shaft 64 that are rotated by torque of
the motor 61. The motor 61 1s configured as a brushless
motor; and like a general-purpose motor, a coil 1s made of
copper. In addition, the motor 61 1s also an nverter motor
driven by an inverter and the frequency and voltage being
applied are controlled by the inverter (not shown) so as to
perform control at good efliciency.
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The second output shait 64 i1s formed in a cylindrical
shape and coaxially arranged with the first output shait 63.
The first output shait 63 penetrates into the interior of the
washing tank 4, and top end of the first output shait 1s
embedded into a shait sleeve part 51 (refer to FIG. 3) formed
in the rotary wing 5 and 1s fixed by a mounting screw 65.
Theretfore, the rotary wing 5 and the first output shaft 63
rotate integrally. Top end of the second output shait 64 1s
fixed to the bottom plate 41 of the washing tank 4. There-
fore, the washing tank 4 and the second output shait 64
rotate integrally.

The above motor 61 1s provided with a clutch mechanism
(not shown). Through switching on and oif of the clutch
mechanism, a first operation mode in which only the first
output shaft 63 1s rotated by the torque of the motor 61 and
a second operation mode 1n which the first and second output
shafts 63, 64 are rotated simultancously can be switched.
Further, in the first operation mode, the torque of the motor
61 can be transmitted to the first output shatt 63 via the speed
reducer 62 to operate the first output shaft at low speed and
high torque. The above first operation mode corresponds to
the operation for washing in which the rotary wing 5 1s
rotated while the washing tank 4 1s stopped, and the second
operation mode corresponds to the operation for dewatering
in which the washing tank 4 and the rotary wing 3 are rotated
simultaneously at high speed.

FIG. 2 1s a perspective view 1llustrating the above rotary
wing 5, and FIG. 3 1s a view for observing a surface side of
the rotary wing S from a direction of a rotary axis. Here, the
surface side of the rotary wing 5 refers to a side which 1s 1n
contact with the washing objects 1n a position above the
washing tank 4 when 1t 1s mounted thereon (refer to FIG. 1).
Moreover, FIGS. 4(a), (b), (c) are respectively the sectional
views at A-A, B-B and C-C positions 1n FIG. 3.

As shown 1n FIGS. 2 to 4, the rotary wing 5 1n the present
embodiment 1s a disc-shaped rotary wing substantially cen-
tered on the rotary axis Ra. Specifically, based on a disc part
5A forming in the disc shape, the shaft sleeve part 51,
stirring blades 52 and a protrusion part 53 are integrally
formed on the face (surface) of the surface side thereof.

The shaftt sleeve part 51 1s a component for installing the
rotary wing 5 on the first output shaft 63 (refer to FIG. 1),
and 1s formed at the center of the rotary wing 5. The shaft
sleeve part 31 1s more protruded towards the axial direction
of the rotary axis Ra than the disc part SA and 1s formed
more thicker than other parts; and a through hole 51a for
inserting the first output shatt 63 (refer to FIG. 1) from the
back side 1s formed at the center of the shait sleeve part.
Therefore, as mentioned above, the rotary wing 5 can be
fixed to the first output shaft 63 by mnserting the first output
shaft 63 (refer to FIG. 1) into the through hole 51a from the
back side and screwing the mounting screw 63 into a screw
hole (not shown) (refer to FIG. 1) formed at the top end of
the first output shait 63.

The stirring blades 52 and the shaftt sleeve part 51 are also
arranged at the surface side of the rotary wing 5, and like the
shaft sleeve part 51, are protruded towards the axial direc-
tion of the rotary axis Ra from the disc part 5A. More
specifically, observing the stirring blades 52 from the axial
direction, five stirring blades 52a-52¢ are arranged around
the center Cw, which 1s at a position misplacing from the
rotary axis Ra to the radial direction of the disc part 5A and
towards the outer edge. These stirring blades 52a-52¢ extend
radially from the center Cw towards the outer circumierence
of the rotary wing 3. Hereafter, in the case of describing the
designated stirring blades, the reference numerals of the
stirring blades 52a-352¢ are used; and in the case of no need
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of special distinction, the reference numeral of the stirring
blades 52 1s used. In the present embodiment, a distance d
from the rotary axis Ra to the center Cw of the stirring blades
52 1s set to be about 4 of the radius of the rotary wing 3. In
addition, as shown 1n FIG. 3, each stirring blade 52 1s bent
in a manner of gradually advancing clockwise towards the
outer circumierence.

In addition, each stirring blade 52 1s formed to be slightly
protruded and bend relative to the axial direction during the
extension from center Cw towards the outer circumierence.
Specifically, the axial height 1s slightly small in the vicinity
of the center Cw, 1s maximum in the middle of extending
towards the outer circumiference, and 1s small again in the
vicinity of the outer circumierence.

As mentioned above, since five stirring blades 352a-52e¢
are protruded towards the axial direction of the rotary axis
Ra, recesses 54 with reduced axial height are respectively
formed among the stirring blades 52 and 52. In this way, at
the surface side of the rotary wing S5, concave and convex
portions are formed by forming the stirring blades 52a-52¢
and the recesses 54 among them, so that the cleaning effect
can be improved by rotating the washing objects among the
concave and convex portions. Further, since the stirring
blades 52a-52¢ have different lengths and angles that the
stirring blades 52a-352¢ collide with the washing objects are
different, the portions of the washing objects to be cleaned
by the stirring blades 52a-52¢ are diflerent, and the washing
performance can be further improved.

In addition, among the above recesses 34 having wide
areas, 1n a recess 34 between the stirring blades 524 and 52e,
a recess 54 between the stirring blades 52¢ and 52q and a
recess 54 between the stirring blades 52a and 5256, batlle
plate parts 55, which are slightly protruded axially in the
vicinity of the outer circumierence, are formed, respectively.
Theretfore, the baflle plate parts 55 are in contact with the
washing objects in the recesses 34 to further improve the
washing performance.

Further, the disc part SA 1s provided with a plurality of
through holes 56 through which water stream passes
between the surface side and the back side at positions
corresponding to each recess 54.

One stirring blade 52a of the stirring blades 52a-52¢ 1s
formed by extending from the center Cw towards the outer
circumierence through the rotary axis Ra to share with a part
of the above shait sleeve part 51. Therefore, the strength of
the shait sleeve part 51 can be ensured even 1l 1t 1s not
particularly large, and the rotary wing 5 1s securely 1nstalled
on the first output shatt 63 (refer to FIG. 1) using the shaft
sleeve part 51. In addition, as compared with the case that
the shait sleeve part 51 1s arranged between the plurality of
stirring blades 52, the recesses 54 between the stirring blades
52 and 52 can be prevented from becoming small, a space
for rolling movement of the washing objects can be ensured,
and the reduction of the washing performance can be
suppressed.

The protrusion part 53 1s a component arranged at the
center Cw, which 1s a base end portion of the above plurality
of stirring blades 52a-52¢, and 1s protruded from the disc
part Sa towards the surface side along the axial direction of
the rotary axis Ra. Here, the protrusion amount Hp of the
protrusion part 53 i1s defined as a maximum size between a
face (surface) of the surface side of the disc part 5A and the
top end of the protrusion part 53 1n a direction parallel to the
rotary axis Ra (refer to FIG. 4). Moreover, for comparison,
the protrusion amount Hb of the stirring blade 52 1s also
defined (refer to FIG. 4). In the present embodiment,
although the protrusion amount Hp of the protrusion part 53
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1s set to be about 1.5 times of the protrusion amount Hb of
the stirring blade 52, the size can be suitably changed.

In addition, each of the stirring blades 52a-52¢ 1s in
smooth connection with the protrusion part 53. Moreover,
since the top end of the protrusion part 53 1s formed 1n a
smooth, partially spherical shape, in the case that it 1s 1n
contact with the washing objects to move them, the washing
objects are not damaged, and washing can be performed
ideally.

As mentioned above, the protrusion amount Hp of the
protrusion part 53 1s set to be larger than that of the stirring
blade 52. However, since the protrusion part 53 is arranged
at the position misplacing from the rotary axis Ra by the
distance d towards the outer diameter direction, the protru-
sion part 53 can efliciently act on the washing objects, and
the plurality of stirring blades 52 can cooperate with the
ellect generated by the concave and convex portions formed
on the surface of the rotary wing 3, efliciently performing the
washing.

In addition, according to the insight of the inventor, the
stirring  effect on the washing objects can be further
improved as long as the distance d i1s increased. Therefore,
in the case of increasing the inclination angle 0 (refer to FIG.
1) of the rotary axis Ra (central axis Rb), although there 1s
a trend that the washing objects are deflected toward one
direction of the washing tank 4 due to gravity, even in such
case, the washing can be performed ideally through the
stirring eflect produced by the protrusion part 53. Theretore,
it 1s suitable to change the distance d 1n accordance with the
magnitude of the inclination angle 0. In addition, it 1s also
suitable to change the protrusion amount Hp of the protru-
sion part 33 in accordance with the magnitude of the
inclination angle 0.

As shown 1n FIGS. 4(a)-(c), on the back side of the rotary
wing 5, ribs for reducing the wall thickness for lightweight
and 1mproving the strength are formed.

Although the washing machine 1 1n the present embodi-
ment has the above structure, the inclination angle 0 shown
in FIG. 1 (refer to the figure) can also be changed to form
the washing machine 1.

FIGS. 5 and 6 are the longitudinal sectional views 1llus-
trating examples of changing the inclination angle 0 to be
different from that in FIG. 1. In FIG. 1, although the
inclination angle 0 1s set to 0=12°, the inclination angle 0

can also be set to 0=0° as shown 1n FIG. 5(a), 1s set to 6° as
shown 1n FIG. 5(b), and 1s set to 20° as shown in FIG. 6.

The examples shown i FIGS. 5(aq), (b) and 6 are
examples 1n which the inclination angle 0 of the washing
tank 4 1s changed according to the example shown 1n FIG.
1 and the angle of the top plate 23 of the main body 2 1s
changed together with the inclination of the opening edge 43
of the washing tank 4. In addition, 1n order to change the
inclination angle 0 of the washing tank 4 respectively, the
length of the handing bar 7 and the engagement position of
the outer tank 3 are suitably changed.

As compared with the example shown 1n FIG. 1, in the
examples shown in FIGS. 5(a) and (b), although the
decrease of the inclination angle 0 1s slightly unfavorable to
casiness of taking out or putting 1n the washing objects from
the washing tank 4, as mentioned below, almost constant
ellects can be obtained 1n terms of power consumption and
washing performance. On the other hand, as compared with
the example shown 1n FIG. 1, in the example 1n FIG. 6, the
increase of the inclination angle 0 1s more favorable to
casiness of taking out or putting 1n the washing objects from
the washing tank 4, and as mentioned below, the same
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8

cllects can be obtained 1n terms of the power consumption
and the washing performance.

Comparison between evaluation results of the embodi-
ments of the present disclosure, which are constructed 1n the
manner as shown 1n FIGS. 1, 5(a), 5(b) and 6 specialized to
the washing machine 1 of the present embodiment and of a
comparison example 1s described.

FIGS. 12(a) and (b) are views illustrating a rotary wing
105 used 1n the comparison example 1 and a rotary wing 205
used 1n the comparison example 2, respectively, as com-
pared with the embodiments of the present disclosure. These
views correspond to FIG. 3 and show the surface sides of the
rotary wings 105 and 205 observing from the direction of the
rotary axis. The parts common to FIG. 3 can be assigned
with the same reference numerals and the detailed descrip-
tion 1s omitted. In addition, the rotary wings 1035 and 205
shown 1n FIG. 12 are set to have the same outer diameter
s1ze as the rotary wing 5 shown i FIG. 3.

The rotary wing 105 used 1n the comparison example 1
shown 1 FIG. 12 1s an existing common component. The
center portion of a disc part 105A 1s formed with a shaft
sleeve part 31, and five stirring blades 152 are centered on
the shaft sleeve part 51 and formed radially. That 1s, the
rotary axis Ra of the rotary wing 105 is consistent with the
center Cw of the five stirring blades 152. In addition, the
baflle plate parts 55 and through holes 56 are respectively
formed between adjacent stirring blades 152 and 152. Fur-
thermore, the protrusion amount Hb (refer to FIG. 4) of the
stirring blade 152 and the shape of the baflle plate part 55 are
the same as those of the rotary wing 5 (refer to FIGS. 1-4)
in the washing machine 1 of the present embodiment.

The rotary wing 205 used 1n the comparison example 2 1s
a rotary wing provided with a protrusion part 233 on the
rotary wing 105 used 1n the above comparison example 1.
Specifically, a portion 1s shared and the protrusion part 253
1s arranged at a position overlapping one stirring blade 152qa
of the stirring blades 152. The distance from the center of the
protrusion part 253 to the rotary axis Ra 1s the same as that
of the rotary wing 5 (refer to FIG. 3) 1n the above embodi-
ment, and 1s set to be about '3 of the radius of the rotary
wing 205. In addition, the protrusion amount Hp of the
protrusion part 253 1s also set to be the same as that of the
rotary wing 5 (refer to FIGS. 1-4).

The comparison example 1 and the comparison example
2 are based on the washing machine 1 shown in FIGS. 1,
5(a) and 5(b), 1n place of the rotary wing 5 (refer to FIGS.
1-4) constituting the washing machine, the rotary wings 105
and 203 are respectively assembled and evaluated. That 1is,
similar to a portion of the embodiment, evaluation 1s per-
formed by using three standards of the inclination angle ©
being 0°, 6° and 12°.

The evaluation of the washing machine 1 was performed
based on the performance evaluation standard of the wash-
ing machine prescribed by Japan Electrical Manufacturers’
Association (JEMA) of general corporation legal body, and
evaluation 1tems include power consumption, cleaning ratio
and cleaning unevenness.

Matched with the data of sampling the above three
evaluation items, the experiment conditions were set based
on a washing performance evaluation method described 1n
the performance evaluation standard of the washing
machine. That 1s, a predetermined amount of test cloth
including wet artificial stain cloth (hereinaiter referred to as
“stain cloth”), water and detergent were put 1n a predeter-
mined order and operated. At this moment, the test condi-
tions were set as follows: the water temperature being 20
the hardness of the water quality being 40 ppm (mg/L); and
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a cleaning process being carried out for only 10 minutes.
Further, the amount of the test cloth was set as two refer-
ences of 4 kg and 8 kg. The water amount was set to 47 L
in the case of the test cloth being 4 kg; and the water amount
was set to 60 L 1n the case of the test cloth being 8 kg. The
same synthetic detergent on the market was used as the
detergent, and the predetermined amount was put 1n accord-
ing to the respective water amount.

When operation was performed under the above condi-
tions, the value measured by an accumulated wattmeter was
set as the power consumption (wh). In addition, the power
consumption was mainly the power consumed by the motor
61 constituting the above driving unit 6. Further, the clean-
ing degree was calculated according to the reflectivity of the
stain cloth before and after operation and the retlectivity of
the same kind of cloth sample, and the cleaning ratio was
obtained as a ratio to the cleaning degree of the standard
washing machine. Then, a standard deviation of the cleaning
degree was obtained, and the cleaming unevenness was
obtained as a ratio to the standard deviation of the standard
washing machine. The cleaning ratio and the cleaming
unevenness can be used as indicators showing the washing,
performance (cleaning performance) of the washing
machine.

In addition, although 1t goes without saying that the
smaller the value of the power consumption the better, the
greater the value of the cleaning ratio the better, and the
smaller the value of the cleaning unevenness the better.
However, the target washing performance of the cleaning
ratio being no less than 0.8 and the cleaning unevenness
being no more than 3 1s defined in the performance evalu-
ation standard of the washing machine prescribed by JEMA,
which 1s also defined as the reference 1n the present embodi-
ment.

FIGS. 7 and 8 are diagrams summarizing the operation
results under the above conditions and show the evaluation
results of the washing machine 1 1n the present embodiment
as shown 1n FIGS. 1 and 5 and of the comparison examples.

FI1G. 7(a) 1s a diagram 1illustrating the evaluation results of
the washing machine 1 of the present embodiment having,
the rotary wing 5 (refer to FIGS. 1-4) and of the washing,
machine 1 in the comparison example 1 having the rotary
wing 105 (refer to FIG. 12 (a)) when the test cloth 1s 4 kg
and the inclination angle 0 1s 0° (refer to FIG. 5(a)). In the
results, as compared with the comparison example 1, the
power consumption 1s significantly reduced in the present
embodiment. In addition, although the cleaning ratio and the
cleaning unevenness are slightly inferior to those of the
comparison example 1, the above target washing perfor-
mance 1s satisfied.

FI1G. 7 (b) 1s a diagram 1llustrating the evaluation results
when the inclination angle 0 1s changed to 12° (refer to FIG.
1) according to the condition of FIG. 7(a). In this case, as
compared with the comparison example 1, the power con-
sumption 1s also significantly reduced in the present embodi-
ment. In addition, the target washing performance of the
cleaning ratio and the cleaning unevenness 1s satisfied,
wherein although the cleaning unevenness is slightly interior
to that of the comparison example 1, the cleaning ratio 1s
better than that of the comparison example 1.

FI1G. 8(a) 1s a diagram 1illustrating the evaluation results of
the washing machine of the present embodiment having the
rotary wing 5 (refer to FIGS. 1-4), of the washing machine
1 1n the comparison example 1 having the rotary wing 105
(refer to FIG. 12 (a)) and of the washing machine 1 in the
comparison example 2 having the rotary wing 205 (refer to
FIG. 12 (b)) when the test cloth 1s 8 kg and the inclination
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angle 0 1s 0° (refer to FIG. 5(a)). Similarly, FIG. 8(b) 1s a
diagram 1llustrating the evaluation results when the test cloth
1s 8 kg and the inclination angle 0 1s set to be 6° (refer to
FIG. 5(5)), FIG. 8(c) 1s a diagram 1llustrating the evaluation
results when the test cloth 1s 8 Kg and the inclination angle
0 1s to be 12° (refer to FIG. 1), and FIG. 8 (d) 1s a diagram

only illustrating the evaluation result of the washing
machine 1 1n the embodiment having the rotary wing S (refer
to FIGS. 1-4) when the test cloth 1s 8 kg and the inclination
angle 0 1s set to be 20° (refer to FIG. 6).

Further, FIGS. 9, 10 and 11 are diagrams graphically
illustrating the power consumption, the cleanming ratio and
the cleaning unevenness in the vertical axis and the incli-
nation angle 0 1n the horizontal axis, based on the contents
in FIGS. 8(a)-(d).

With a view to the power consumption shown in FIG. 9,
in the range of the inclination angle 0 being 0-12°, the power
consumption of the embodiment 1s less than that of the
comparison examples 1 and 2 by about 10%. Similarly,
although this 1s only the evaluation result of the embodi-
ment, 1t can be understood that the power consumption 1s
small enough when the inclination angle 0 1s set to be 20°.
Specifically, although the power consumption 1s the maxi-
mum when the inclination angle 0 1s set to be 20° 1n the
embodiment, the power consumption 1s small enough as
compared with the results of the inclination angle 0 being
0-12° 1n the comparison examples 1 and 2. In this way, since
the embodiment obtains almost the same tendency that the
power consumption becomes small in the range of the
evaluated inclination angle 0 being 0-20°, the shape of the
rotary wing 5 1s largely intluenced the power consumption.
That 1s, the power consumption can be 1deally reduced by
using the rotary wing 5 (refer to FIGS. 1-4) of the present
embodiment.

That 1s, as shown in FIGS. 2-4, the center Cw of the
plurality of stirring blades 52 1s set at the position more
misplaced towards the outer diameter direction than the
rotary axis Ra, and the protrusion part 53 more protruded
towards the axial direction of the rotary axis Ra than the
stirring blade 32 1s arranged at the center Cw, so that the
action on the water and the washing objects 1n the washing
tank 4 can be eflectively performed, and the power con-
sumption generated by the motor 61 can be reduced.

In addition, with a view to the cleaning ration shown 1n
FIG. 10, value exceeding 0.80 of the cleaning ratio as the
target washing performance 1s obtained in the range of the
inclination angle 0 being 0-20° 1n the embodiment. That 1s,
besides reducing the power consumption as mentioned

above, the cleaning ratio exceeding the target can also be
obtained in the embodiment.

However, in the embodiment, when the inclination angle
0 1s 0°, the cleaning ratio 1s slightly smaller than that of the
comparison examples 1 and 2; when the inclination angle ©
1s 6°, the cleaning ratio 1s almost the same as that of the
comparison examples 1 and 2; and when the inclination
angle 0 1s 12°, the cleaning ratio 1s greater than that of the
comparison examples 1 and 2. In addition, a peak value of
the cleaning ratio 1s obtained when the inclination angle 0 1s
12°; and although the cleaning ratio i1s reduced again when
the inclination angle 0 1s 20°, even 11 1n this case, the level
greater than the cleaning ratio in the comparison examples
1 and 2 1s averagely maintained. That 1s, from the viewpoint
of the cleaning ratio, although it 1s suitable 1deally 1n the
range of all the inclination angle 0, 1t can also be more
suitable in the range of the inclination angle 0 being 6-20°.
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Further, since greater cleaning ratio can be realized when the
inclination angle 0 1s about 12°, it can be further ideally
suitable.

In addition, in the comparison example 1 having the
rotary wing 105, which 1s the same as the existing rotary
wing, as the mclination angle 0 1s increased from 0° to 12°,
the cleaning ratio 1s slightly reduced gradually, while 1n the
embodiment, the cleaning ratio has a tendency of being
greatly increased. Further, in the comparison example 2
having the protrusion part 253, by increasing the inclination
angle 0 from 6° to 12°, the cleaming ratio also has a tendency
of being greatly increased. Therefore, 1t can be understood
that by setting the inclination angle 0 to exceed 0°, specifi-
cally by setting to a great value about 12° and generating a
superimposed eflect by the structure of the protrusion part 53
(253), the cleaning ratio 1s increased.

Observed by the mventor during evaluation, 1t can be
inferred that the protrusion part 53 (253) can lift the washing
objects 1 a direction opposite to the mclination direction;
the washing objects have a tendency of rolling movement
along the inclination direction; and the cleaning ratio is
increased by the movement of the washing objects. Further,
it can be contemplated that the effect 1s generated by the
above movement of the washing objects as implemented;
and the cleaning ratio can be further increased by misplacing
the center Cw of the stirring blades 52 from the rotary axis
Ra. Therefore, matching with the effect, it can be contem-
plated that when the inclination angle 1s 12°, the maximum
cleaning ratio can be obtained. Considering from such
tendency and the inferred effect, even 11 the inclination angle
0 1s set to be greater than 12°, a greater cleaning ratio 1s
expected to be obtained.

Further, with a view to the cleaning unevenness shown in
FIG. 11, value below 3 of the cleaning unevenness as the
target washing performance 1s obtained in the range of the
inclination angle 0 being 0-20° 1n the embodiment. That 1s,
besides reducing the power consumption as mentioned
above, better performance can also be obtained 1n terms of
the cleaning unevenness.

However, in the embodiment, when the inclination angle
0 1s 0° and 6°, the cleaning unevenness 1s greater than that
of the comparison examples 1 and 2; and when the inclina-
tion angle 0 1s 12°, the cleaming unevenness has the same
level as that of the comparison examples 1 and 2. Although
only the evaluation result of the embodiment 1s obtained
when the inclination angle 1s 20°, a good level equivalent to
that in the inclination angle 0 of 12° 1s obtained. That 1s, it
can be 1deally suitable in the range of all the inclination
angle 0, wherein 1t can also be 1deally suitable by setting the
inclination angle 0 being about 12-20°.

As mentioned above, the cleaning ratio and the cleaning
unevenness ol the washing machine 1 1n the embodiment are
within the range of the target washing performance, and the
power consumption can be greatly reduced. Therefore, in the
case of using the above structure, the operation cost can be
expected to be reduced.

In addition, for the portion with the effect of reducing
power consumption, as long as a motor 61 with low efli-
ciency 1s allowed to be adopted, the manufacturing cost can
be reduced by using a general-purpose motor. Furthermore,
the coil can be considered to be changed to an aluminum coil
from a copper coil. In this case, like the case of using the
general-purpose motor, the manufacturing cost can be
reduced.

Although the embodiment of the present disclosure 1s
described above, specific structures of all parts are not
limited to the above embodiment.
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For example, in the above embodiment, although the
washing tank simultaneously has the function of a dewater-
ing tank, namely, used as a washing and dewatering tank, the
washing tank can be used as a pure washing tank 4 without
the function of the dewatering tank. In this case, 1t 1s also
suitable to the present disclosure and the same eflect can be
obtained. In this case, the outer tank 3 1s not required, and
the washing tank 4 can rotate without the need of the driving
unit 6.

Further, in the above embodiment, although the rotary
axis Ra 1s parallel to or inclined relative to the vertical axis
(z axis), the above rotary wing 5 can also be applied 1n a
drum washing machine in which the inclination angle 0 1s
set to be 90°, that 1s, the washing tank 4 1s opened 1n a
horizontal direction.

A LIST OF REFERENCE NUMERALS

1: washing machine; 4: washing tank; 3: rotary wing; 6:
driving unit; 51: shaft sleeve part; 52, 52a-52¢: stirring
blade; 53: protrusion part, Cw: center (of a plurality of
stirring blades); Ra: rotary axis; Rb: central axis (of the
washing tank); 0: inclination angle.

What 1s claimed 1s:

1. A washing machine comprising a substantially bot-
tomed cylindrical washing tank, a rotary wing rotatably and
freely arranged at a bottom of the washing tank, a plurality
of nbs and a driving unit for rotatably dniving the rotary
wing by being powered by electricity; the rotary wing 1s
formed 1n a disc shape and centered on a rotary axis, and a
plurality of stirring blades, each of the stirring blades
radially extending through a middle of each of the stirring
blades towards an outer circumierence are arranged on a
surface of the rotary wing, wherein

a center ol the plurality of stirring blades 1s set at a

position more misplaced towards an outer diameter
direction than the rotary axis, and a protrusion part
more protruded towards an axial direction of the rotary
ax1s than the stirring blades 1s arranged at the center of
the plurality of stirring blades wherein each stirring
blade 1s formed to be slightly protruded and bend
relative to the axial direction during extension from the
center towards the outer circumierence, wherein each
stirring blade has an axial height that 1s at a maximum
in the middle of the stirring blade as 1t extends towards
the outer circumierence, and wherein the axial height of
cach stirring blade 1n the vicinity of the outer circum-
ference 1s smaller than the axial height at the middle of
the stirring blade

wherein the plurality of ribs are disposed at a preset

interval on a back side of the rotary wing, and are
configured for reducing a thickness and weight of the
rotary wing and improving strength of the rotary wing.

2. The washing machine according to claim 1, wherein the
rotary axis of the rotary wing 1s substantially consistent with
a central axis of the washing tank, and the central axis is
inclined relative to a vertical axis.

3. The washing machine according to claim 2, wherein an
inclination angle 1n which the central axis 1s inclined relative
to the vertical axis 1s set to be withun a range of 6-20°.

4. The washing machine according to claim 1, wherein a
top end of the protrusion part 1s formed 1 a partially
spherical shape.

5. The washing machine according to claim 2, wherein a
top end of the protrusion part 1s formed 1 a partially
spherical shape.
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6. The washing machine according to claim 3, wherein a
top end of the protrusion part 1s formed in a partially
spherical shape.
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